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(57) A power output apparatus 110 includes a plan- 
etary gear 120 having a planetary carrier, a sun gear, 
and a ring gear, an engine 150 having a crankshaft 156 
linked with the planetary carrier, a first motor MG1 
attached to the sun gear, and a second motor MG2 
attached to the ring gear. In response to an engine 
operation stop instruction, the power output apparatus 
110 stops a fuel injection into the engine 150 and con- 
trols the first motor MG1 , in order to enable a torque act- 
ing in reverse of the rotation of the crankshaft 156 to be 
output to the crankshaft 156 via the planetary gear 120 
and a carrier shaft 127 until the revolving speed of the 
enginelSO becomes dose to zero. This structure allows 
the revolving speed of the engine 150 to quickly 
approach to zero. 
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Description 

1. Field of the Invention 

5 The present invention relates to an engine controller, a power output apparatus, and methods of controlling an 
engine and the power output apparatus. More specifically the present invention pertains to a technique of stopping the 
operation of an engine in a system including the engine tor outputting po^throug^<»ntustionofafuelandanwtor 
connected to an output shaft of the engine via a damper as wdl as to a technic^ d 
in a power output apparatus for outputting power to a drive shaft. 

10 

2. Description of the Related Art 

Known power output apparatuses for ranying out torque conversion of power 
the converted power to a drive shaft include a combination of a fluid-based torqu e converter with a transmission, tn 
is such a power output apparatus, the torque converter is cfisposed between an output shaft of the engine and a rotating 
shaft linked with the transmission, and transmits the power between the rotating shaft and the output shaft through a 
flow of the sealed fluid. Sira» tfie torque converter tiansmtete 

the output shaft and the rotating shaft, which leads to an energy loss corresponding to the slip. The energy loss is 
expressed as the product of the revolving speed difference between the rotating shaft and the output shaft and the 
so torque transmitted to the output shaft and is consumed as heal 
In a vehide with such a power output apparatus 
large s^ between the rotating shaft arKl the output 

pie, at the time of starting the vehicle or running the vehicle on an upward slope at a low speed, a large energy loss in 
the torque converter undesirably lowers the energy efficiency. Even in a stationary driving state, the efficiency of power 

25 mansmissicfi by the torqiie converter is n^ 

ratus fe thereby lower than that in a manual transmission. 

In order to solve such problems, the applicants have proposed a system that does not include the fluid-based 
torque converter but has an engine, a planetary gear unit as three shaft-type power input/output means, a generator, a 
motor, and a battery and outputs the power from the motor to the drive shaft by utilizi ng the power output from the 

so engine or electric power stored in the battery (JAPANESE PATENT LAYING-OPEN GAZETTE No. 5M0223). In this 
reference, however, there is no description of the control procedure when the operation of the engine is stopped. 

In this power output apparatus, the output shaft of the engine and the rotating shaft of the motor are mechanically 
linked with each other by the three shaft-type power input/output means, and thus mechanically constitute one vibrating 
system. When the engine is an internal combustion engine, for example, a torque variation due to a gas explosion or 

35 reciprocating motions of the piston in the internal combustion engine causes torsional vibrations on the output shaft of 
the internal combustion engine and the rotating shaft of the motor. When the natural frequency of the shaft coincides 
with the forcible frequency, a resonance occurs. This may result in a foreign noise from the three shaft-type power 
input/output means and even in a fatigue destruction of the shaft in some cases. Such a resonance occurs in many 
cases at a revolving speed tower than the minimum of an operable revolving speed range of the engine, although it 

40 depends upon the type of the engine and the structure of the three shaft-type power input/output means. 

The resonance of the torsional vibrations that may occur in the system at the time of stopping the operation of the 
engine is observed not only in the power output apparatus but in any driving system, wherein the output shaft of the 
engine and the rotating shaft of the motor are mechanical V linked wim each om^ 
these troubles is that the output shaft of me engrne and the rotating sh^ 

45 other via a damper. The dampers having a significant effect on reduction of the amplitude of the torsional vibrations, 
however, require a special dampi ng mechanism. This increases the required nu mber of parts and makes the damper 
undesirably butty. The small-sized simply-structured dampers, on the other hand, have little effects. 

The motor is generally under the PI control. In the procedure of outputting a torque from the motor to the output 
shaft of the engine and thereby positively stopping the operation of the engine, the I term (integral term) may result in 

so undershooting the output shaft of the engine, which causes a vibration of the whole driving system. When the driving 
system is mounted, for example, on a vehicle, the vibration due to undershooting is transmitted to the vehicle body and 
makes the driver uncomfortable. 

SUMMARY OF THE INVENTION 

55 

One object of the present invention is to provide a power output apparatus for outputting power from an engine to 
a drive shaft with a high efficiency, as wel 1 as a method of controd ing such a power output apparatus. 

Another object of the present invention is to provide a control technique of stopping the operation of an engine in a 
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power output apparatus, which includes the engine, three shaft-type power input/output means, and two motors. 

StiQ another object of the invention is to provide a power output apparatus which can prevent a resonance of tor- 
sional vibrations that may occur in the system when the operation of the engine is stopped, as well as to provide a 
method of controlling such a power output apparatus. 

5 In the process of applying a torque from the motor to the output shaft of the engine to stop the operation of the 
engine, the control procedure of the motor may cause the revolving speed of the output shaft of the engine to under- 
shoot and become smaller than zera This may resutt in undesirable vibrations of the whole power output apparatus, fn 
case that the power output apparatus is mounted on a vehicle, for example, die vibrations due to the undershoot are 
transmitted to the vehicle body and makes the driver uncouth* table. 

10 This problem, that is, the resonance of torsional vibrations that may occur in the system in the course of stopping 
the operation of the engine, rs not restricted to the power output apparatus, but arises in any driving system wherein the 
output shaft of the engine and the rotating shaft of the motor are mechanically connected to each other. The primary 
countermeasure against this problem is that the output shaft of the engine and the rotating shaft of the motor are 
mechanically finked with each other via a damper. The campers having a significant 

w of the torsional vibrations, however, require a special damping mechanism. This increases the required number of parte 
and makes the damper undesirably bulky. The small-sized simply-structured dampers, on the other hand, have little 
effects. 

This problem is found not only in the structure that directly outputs power but in the structure of series hybrid that 
has a motor and a generator directly connected to each other and obtains a torque by the motor driven by means of the 
so electric power generated by the generator while the vehicle is on a run. 

SUMMARY OF THE INVENTION 

One objects the present invention is thus to 
25 vibrations which may occur in a system in the course of stopping the operation of an engine, as well as a method of 
controlling such a power output apparatus. 

Another object of the present invention is accordingry to reduce vftxations thai m^ 
the operation of an engina 

Still another object of the present invention is thus to provide an engine controller that prevents resonance of tor- 
so sional vibrations which may occur in a system in the course of stopping the operation of an engine, irrespective of the 
type of a damper, as well as a method of controlling the engine. 

At least part of the above and the other related objects is reafized by a p<^ output apparatus for outputting power 
to a drive shaft, which includes: an engine having an output shaft; a first motor having a rotating shaft and inputting and 
. outputting power to and from the rotating shaft, a second motor inputting and outputting power to and from the drive 
as shaft; three shaft-type power irput/butput means having three shafts respectively linked with the drive shaft, the output 
shaft, and the rotating shaft the three shaft-type power input/output means inputting and outputting power to and from 
a residual one shaft, based on predetermined pcwrs input to and 
fuel stop instruction means for giving an instruction to stopfer 

ation of the engine is Milled; and stop-time control means for causing a torque to be applied to the output shaft of the 
40 engine and thereby restricting a deceleration of revolving speed of the output shaft to a predetermined range in 
response to the instruction to str^ 
operation of the engina 

The present invention is also directed to a method of controlling such a power output apparatus. The method con- 
trols the power output apparatus, which includes: an engine having an output shaft; a first motor having a rotating shaft 
45 and inputting and outputting power to and from the rotating shaft a second motor inputting and outputting power to and 
from the drive shaft; and three shaft-type power input/output means having three shafts respectively finked with the 
drive shaft the output shaft, and the rotating shaft the three shaft-type power input/output means inputting and output- 
ting power to and from a residual one shaft based on predetermined powers input to and output from any two shafts 
among the three shafts. The method includes the steps ct 

50 

giving an instruction to stop fuel supply to the engine when a condition of stopping operation of the engine is ful- 
filled; and 

causing a torque to be applied to the output shaft of the engine and thereby restricting a deceleration of revolving 
speed of the output shaft to a predetermined range in response to the instruction to stop the fuel supply to the 
55 engine, so as to implement a stop-time control for stopping the operation of the engina 

When the condition to stop the operation of the engine is fulfilled, the power output apparatus of the present inven- 
tion gives an instruction to stop fuel supply to the engine and carries out the stop-time control. The stop-time control 
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applies a torque to the output shaft of the engine and thereby restricts Ihe deceleration d the revoMng speed of the 
, output shaft to a predetermined range, so as to stop the operation of the engine. The torque may be applied from erther 
the fust motor or the second motor to the output shaft of the enpne. 

This procedure restricts the deceleration of the revoking speed of the output shaft to a predetermined range and 
5 enables the revolving speed of the output shaft to quickly pass through a range of torsional vibrations. This structure 
also saves the consumption of electric power by the motor. 

A variety of structures may be applied to the stop-time control. One available structure canies out open-toop control 
of the torque applied to the output shaft. In this case, the power output apparatus finlherbK^es target torque storage 
means for determining a timateed variation in target value of the torque applied to the output shaft of the engine, 
10 based on a behavior at the time of stopping the operation of the engina The stop-time control means has means for 
driving the f irst motor, as the stop-time control , to apply a torque corresponding to the target value to the output shaft of 
the engine along a time course after the stop of the engine via the three shaft-type power input/output means. 

This structure does not carry out the feedback control based on the revoMiig 
ingly redoes the variation in tonque on th^ drive shaft without causirig a van 
15 output apparatus or an external disturbance. Even when the revoMng speed of the output shaft is significantly different 
from a target revolving speed (generally equal to zero under the condition of the vehjde at a stop), this structure does 
not execute the feec&ack control based on the revolving speed difference to output a large torque and thus effectively 
saves the consumption of electric power. 

In order to optimize such open-bop control, the power output apparatus may further include: deceleration comput- 
et? ing means for computing the deceleration erf revoMng speed d the output shaft during the c^ 

trol; learning means for varying a learnt value according to the deceleration computed by the deceleration computing 
means and storing the learnt value; and deceleration range determination means for determining the predetermined 
range in me stop-time control earned out by the stop-time control means, based on the learnt value stored by the learn- 
ing means. This structure learns the range of d eceleration and thereby realizes the preferable control. 
25 In accordance with another possible application, the power output apparatus further includes revolving speed 
detection means for measuring the revoMng speed of the output shaft, and the stop-time control means has means for 
driving the first motor, as the stop-time control, in order to enable the revolving speed of the output shall measured by 
the revolving speed detection means to approach a predetermined value via a predetermined pathway. The predeter- 
mined pathway represents a time course of revolving speed of the output shaft of the engine after the stop of fuel supply 
30 to the engina 

In response to the instruction to stop the operation of the engine, the power output apparatus of this structure ena- 
bles the revolving speed of the output shaft of the engine to approach a predetermined value via a predetermined path- 
way. The revolving speed of the output shaft of the engine can be made to rea(^ the predetermined value wi^ 
time or within a relatively long time by regulating the predetermined pathway. In case that the predetermined value is 
35 equal to zero, the rotation of the output shaft of the engine can be stopped quicMy or gently. 

In the power output apparatus of this structure, the stop-time control may drive the first motor to apply a torque in 
reverse of the rotation of the output shaft via the three shaft-type power inpu^ 
revolving speed of the output shaft m 

determined valua This structure enables the revolving speed of the output shaft of the engine to approach the prede- 
40 termined value more quickly. When a specific revolving speed range that causes a resonance of a torsional vforation 
exists between the predetermined value and the revohring speed d the output shaft of me e 
instruction to stop the operation of the engine is given, the structure allows the revolving speed of the output shaft of the 
engine to swiftly pass through this specific range and thereby effectively prevents a resonance. 

In the power output apparatus of this structure, as part of the stop-time control, the first motor may be driven to 
45 apply a predetermined torque in the ejection of rotation of the output shaft via the three shaft-type power input/output 
means to the output shaft, when the revolving speed of the output shaft measured by the revolving speed detection 
means decreases to a reference value, which is not greater than the predetermined valua This structure prevents the 
revolving speed of the engine from undershooting and reduces the possible vforation in the course of stopping the rota- 
tion of the output shaft 

so A variety of techniques may be applied to determine the reference valua One possible structure computes the 
deceleration of revolving speed of the output shaft during the course of the stop-time control, and sets a larger value to 
the reference value against a greater absolute value of the deceleration. The larger reference value for the greater 
deceleration effectively prevents the revolving speed of the output shaft from undershooting. Another possible structure 
determines the magnitude of a braking force applied to the drive shaft during the course of the stop-time control, and 

55 sets a larger value to the reference value when the braWng force detection means determines that the braking force has 
a large magnituda During appOcation of the braking force, it can be assumed that a large force is appfied to stop the 
engina The larger reference value accordingly prevents the revolving speed of the output shaft from undershooting. 
In the power output apparatus of the present invention, the stop-time control means may drive the first motor to 
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make the power input to and output from toe rotating shaft equal to zero. The first motor does not consume any electric 
power, so that this structure improves the energy efficiency of the whole power output apparatus. Since the first motor 
does not foratfy change the driving state of the output shaft of the engine, the torque shock due to an operation stop 
of the engine can be effectively reduced. The engine and the first motor are 6tably kept in the driving state having the 

5 least sum of the energies consumed thereby (for example, the fricrjonaJ work). 

In the power output apparatus of the present Invention, the predetermined value may be a revolving speed thai is 
lower than a resonance range of torsional vibrations in a system including the output shaft and the three shaft-type 
power input/output means. This structure effectively prevents torsional vibrations. 

In accordance with another preferable structure, the second motor is driven to continue power input and output to 

10 and from the drive shaft, when the instruction to stop the operation of the engine is given in the course of continuous 
power input and output to and from the drive shaft This structure enables the operation of the engine to be stopped 
while the power is continuously input to and output from the drive shaft The input and output of the power to and from 
the drive shaft is implemented by the second motor. 

The present invention is also directed to an engine controller having an engine for outputting power through com- 

is buston of a fuel and a motor connected to an output shaft of the engine via a damper. The engine controller controls 
operation and stop rt the engm^ 
to stop tfte operation of the engine is fulfilled; ar^ 

put shaft of the engine and thereby restricting a decelerate of revolving speed of ^ 
range in response to me stop of fiiel 6 
20 ation of the engine. 

The present invention is further directed to a method of contrriQng stop of an engina which outputs power through 
combustion of a fuel and has an output shaft connected to a motor via a danper.Tta 

stopping fuel supply to the engine when a condition to stop operation the engine rs fulfilled; and causing a torque 
25 to be applied to the output shaft of the eng^ and thereby restricting a dec^^ 

shaft to a predetermined rangeinresportsetothestopdfudsupprytothe engirie, soastoirrplerTterrtastcp-tinw 
control for stepping the operation of the engine. 

The engine controller and the corresponding method of the present invention controls stop of the engine that has 

so an output shaft connected to a motor via a damper, and reduces the torsional vibrations that may occur on the output 
shaft of the engine connected to the motor via the damper. When the condition to stop the operation of the engine is 
fulfilled, the engine controller stops the fuel supply to the engine and applies a torque to the output shaft of the engine, 
thereby restricting the deceleration of the revolving speed of the output shaft to a predetermined range and stopping 
the operation of the engine. The torsional vibrations on the output shaft tend to occur at a predetermined deceleration. 

35 The restriction of the deceiera^ effectively 
reduces the torsional vibrations. 

A variety of structures may be appBed to the stop-time control that restricts the deceleration of the revolving speed 
of the output shaft to a predetermined rang^ One available structore carries 
tation in target value of the torque applied to fre output shaft along the time axi& to this 

40 ther includes target torque storage means for determinirtg a time-based variation in target value of me torque applied 
to the output shaft of the engine, based on a behavior at the time of stepping the operation of the engine. The stop-time 
control means has means for driving the motor, as the stop-time control, to appry a torque corresponding to the target 
value to the output shaft of the engine along a time course after the stop of the engine. 
This structure does not carry out the feeobackcflrrtrol based on tte 

45 ingly does not vary the torque applied to the output shaft by an external disturbance. Even when the revolving speed of 
the output shaft is signfficantiy differed from a target revorv^ 
vehicle at a stop) , this stnjc^e (k^ 

a large torque and thus effectively saves the c»nsurnption of electric power. 

In order to optimize such open-loop control, the engine controller may further include: deceleration computing 

so means for computing the deceleration of revolving speed of the output shaft during the course of the stop-time control; 
learning means for varying a learnt value according to the deceleration computed by the deceleration computing means _ 
and storing the learnt value; and deceleration range determination means for determining the predetermined range in 
the stor>time control carried out by the stop-time control means, based on the learnt value stored by the learning 
means. This structure learns the range of deceleration and thereby realizes the preferable control. 

ss In accordance with another posstte application, the engine controller further includes revolving speed detection 
means for measuring the revolving speed of the output shaft, and the stop-time control means has means for driving 
tha motor, as the stop-time corrtr^ 

speed detection means to approach a predetermined value via a predetermined pathway. The predetermined pathway 
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represents a time course of revolving speed ol the output shaft of the engine after the stop rf fuel supply to the engjna 

In response to the instruction to stop the operafon of the engine, the engine^ 
revoMng speed of the output shaft of the engine to approach a predetermined value via a predetermined pathway. The 
revolving speed of the output shaft of the engine can be made to reach the predetermined value within a short time or 
within a relatively longtime by regulating the predetermined pathway. In any case, the deceleration is restricted to a pre- 
determined range that is out of a specific range causing torsional vforations on ttieou^ 

In the engine controller of this structure, the stop-time control may drive the motor to apply a torque in reverse of 
the rotation of the output shaft to the output shaft, untfl foe revolving sp 

speed detection means becomes coincident with the predetermined value. This structure enables the revolving speed 
of the output shaft of the engine to approach the predetermined value more quickly. When a specific revolving speed 
range that causes a resonance of a torsional vibration exists between the predetermined value and the revolving speed 
of the output shaft of the engine at the time when the instruction to stop the operation of the engine is given, the struc- 
ture allows the revolving speed of the output shaft of the engine to swiftly pass through this specific range and thereby 
effectively prevents a resonance. 

In the engine controller of tWs structure, as part of the stop-time contrd, the motor m^ be driven to apply a 
ter mined torque in the (fraction of rotation of the output shaft to the output shaft, when the revolving speed of the output 
shaft measured by the revolving speed detection means decreases to a reference value, which is not greater than the 
predetermined value. This structure prevents the revolving speed of the engine from undershooting and reduces the 
possible vibration in the course of stopping the rotation of the output shaft 

A variety of techniques may be applied to determine the reference value. One possible structure computes the 
deceleration of revolving speed of the output shaft during the course of the stopti^ 

the reference value against a greater absolute value of tie deceleration. The larger reference value for the greater 
deceleration effectively prevents the revolving speed of the output shaft from undershooting. 

In the engine controller of the present Invention, the predetermined value may be a revolving speed that is lower 
than a resonance range of torsional vt>rati 
tore effectively prevents torsional vibrations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically illustrates structure of a power output apparatus 1 10 embodying the present invention; 
Fig. 2 is an enlarged view illustrating an essentia] part of the power output apparatus 1 10 of the embodiment; 
Fig. 3 schematically illustrates general structure of a vehicle with the power output apparatus 1 1 0 of the embodi- 
ment incorporated therein; 

Fig. 4 is a graph showing the operation principle of the power output apparatus 110 of the embodiment; 

Fig. 5 is a nomogram showing the relationship between the revolving speed and the torque on the three shafts 

finked with the planetary gear 120 in the power output apparatus 110 of the embodiment; 

Fig. 6 is a nomogram showing the relationship between the revolving speed and the torque on the three shafts 

linked with the planetary gear 120 in the power output apparatus 1 10 of the entxxfiment; 

Fig. 7 is a flowchart showing an engine stop control routine executed by the control CPU 190 of the controller 1 80; 

Fig. 8 is a map showing the relationship between the time counter TC and the target revolving speed Ne* of the 

engine 150; 

Fig. 9 is a flowchart showing a required torque setting routine executed by the control CPU 190 of the controller 
180; 

Fig. 10 shows the relationship between the revolving speed Nr of the ring gear shaft 126, the accelerator pedal 
position AP, and the torque command value Tr*; 

Fig. 1 1 is a flowchart showing a control routine of the first motor MQ1 executed by the control CPU 190 of the con- 
troller 180; 

Fig. 12 is a flowchart showing a control rcxjtine ol the second mo^ 
controller 180; 

Fig. 13 is a nomogram showing the state when the engine stop control routine of Fig. 7 is carried out for the first 
time; 

Fig. 14 is a nomogram showing the state when the processing <rf steps $106 through $11 6 in foe engines^ 
trot routine has repeatedly been executed; 

Fig. 15 is a nomogram showing the date when the revolving speed Ne of the engine 1 SO becomes equal to or less 
than the threshold value Nref; 

Fig. 16 shows variations in revolving speed Ne of the engine 1 50 and torque Tm1 of the first motor MG1 ; 

Fig. 17 is a flowchart showing a modified engine stop control routine; 

Fig. 18 schematically illustrates another power output apparatus 1 10A as a modified example; 
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Fig. 19 schematically Illustrates still another power output apparatus 1 10B as another modified example; 

Rg. 20 schematically IDustrates structure of another power output appai^ 

ing to the present invention; 

Fig. 21 ilhjstrates an exenp&fied structure erf 
5 Rg. 22 is a flowchart showing an engine stop control routine carried out in the second embedment; 

Fig. 23 is a graph showing the reduction torque STGim plotted against the vehicle speed; 

Fig. 24 is a cjaph showing the processing time mntg of slower speed reduction plotted against the vehicle speed; 

Rg. 25 is a flowchart showing an open-loop control routine; 

Fig. 26 is a flowchart showing a processing routine to prevent undershoot; 
io Rg. 27 is a graph showing an example of the control process carried out in the second embodiment; 

Fig. 28 schematically illustrates structure of a four-wheeWrive vehicle with a power output apparatus 1 1 0C incor- 
porated therein; and 

Fig. 29 schematically illustrates another power output apparatus 310 as another modified example. 

is DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One mode of carrying out the present invention is described as a preferred enrtodme^ 
trates structure of a power output apparatus 110 errtxxly^ Rg. 2 is an enlarged view fflustrating 

an essential part of the power output apparatus 110 of the embodiment; and Rg. 3 schematically illustrates general 

20 structure of a vehicle with the power output apparatus 1 10 of the embedment irtcorporated therein. The general struc- 
ture of the vehicle is described first for the convenience of explanation. 

Referring to Fig. 3, the vehicle is provided with an engine 150 which consumes gasoline as a fuel and outputs 
power. The air ingested from an air supply system via a throttle valve 166 is mixed with a fuel, that is, gasoline in this 
embodirnent, injected from a fueling 

25 be explosively ignited and burned. Linear motion of a piston 154 pressed down by the explosion of the air/Tuel mixture 
is inverted to rotate 

168. An ignition plug 162 converts a high voltage applied from an igniter 158 via a distrfoutor 160 to a spark, which 
explosively ignites and combusts the air/fuel mixture. 

Operation of the engine 150 is controlled by an electronic control unit (hereinafter referred to as ERECU) 170. The 

a? EFIECU 1 70 receives information from various sensors, which detect operating conditions of the engine 1 5C. These 
sensors include a throttle valve position sensor 167 tor detecting a valve travel or position of the throttle valve 166, a 
manifold vacuum sensor 172 for measuring a load applied to the engine 150, a water temperature sensor 1 74 for meas- 
uring the temperature of cooling water in the engine 150, and a speed sensor 176 and an angle sensor 178 mounted 
on the (fistributor 160 for measuring the revolving speed (the number of revolutions per a predetermined time period) 

35 and the relational an$ed the crankshaft 156. A starter switch 179 tor detecting a starting condition ST of an ignition 
toy (not drawn) is also connected to the EFIECU 170. Other sensors and switches connecting with the EFIECU 170 
are omitted from the illustration. 

The crankshaft 156 of the engine 150 is linked with a planetary gear 120, a first motor MQ1, and a second motor 
MG2 (descrbed later) via a damper 157 that reduces the amplitude of torsional vibrations occurring on the crankshaft 

40 156. The crankshaft 156 is further connected to a differential gear 114 via a power transmission gear 111, which is 
linked with a drive shaft 1 12 wonong as the rotate shaft of the pow 

the power output apparatus 1 10 is thus eventually transmitted to left and right driving wheels 116 and 118. The first 
motor MG1 and the second motor MG2 are electrically connected to and controlled by a controller 180. The controller 
180 includes an internal control CPU and receives inputs from a gearshift position sensor 184 attached to a gearshift 

45 182, an accelerator position sensor 164a attach 

attached to a brake pedal 1 65, as descrbed later in detail. The controller 1 80 sends and receives a variety of data and 
information to and from the EFIECU 1 70 through communication. Details of the control procedure including a commu- 
nication protocol win be described later. 

Referring to Fig. 1. the power output apparatus 110 of the embodiment primarily includes the engine 150, the 

so darrper157forcomectingtheaanksr^ 

the torsional vibrations of the crankshaft 156, the planetary gear 120 having a planetary carrier 124 linked with the car- 
rier shaft 127, the first motor MG1 linked with a sun gear 1 21 of the planetary gear 120, the second motor MG2 linked 
with a ring gear 122 of the planetary gear 120, and the controller 180 tor driving and controlling the first and the second 
motors MQ1 and MQ2. 

55 The following describes structure of the planetary gear 120 and the first and the second motors MG1 and MG2 
based on the drawing of Fig. 2. The planetary gear 120 includes the sun gear 121 finked with a hollow sun gear shaft 
125 which the carrier shaft 127 passes through, the ring gear 122 linked with a ring gear shaft 126 coaxial with the car- 
rier shaft 1 27, a plurality of planetary pinion gears 123 arranged between the sun gear 121 and the ring gear 122 to 
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rmlve around thesis gear 121 whOe rotating on its axis, and the planetary carrier 124 connecting with one end of the 
carrier shaft 127 to support the rotating sr^ 

that is, the sun gear shaft 125. the ring gear shaft 126, and the carrier shaft 127 respectively connecting with the sun 
gear 121, the ring gear 122, and the planetary carrier 124, work as input arri output shafts <rf 
s of the power input to or output from any tw shafts anwg the ttaeeshafe auto 
or output from the residual one shaft The details ctf the input arri output 

shafts of the planetary gear 120 wfll be dscussed later. Resorvers 139, 149, and 159 for measuring rotationa] angles 

Gs, 6r, and &c of the sun gear shaft 1 25, the ring gear shaft 126, and the carrier shaft 1 27 are respectively attached to 

the sun gear shaft 125, the ring gear shaft 126, and the carrier shaft 127. 
w A power feed gear 128 fortaWrtgout the power is linked withering gear 122 ar^ 

motor MG1. The power gear 128 is further connected to the pw via a chain belt 129, so 

that the power is transmitted between the power feed gear 128 and the power transmission gear 111. 

The first motor MG1 is constructed as a synchronous motor-generator and includes a rotor 1 32 having a plurality 

of permanent magnets 135 on its outer surfawarri a stator 133 having th^ 
is revolving magnetic field. The rotor 132 is Cnked with the sun gear shaft 1 25 connecting with the sun gear 121 of the 

planetary gear 120. Tlie stator 133 is prepared by laying thin plates of norvdirectional electromagnetic steel one upon 

another and is fixed toa casing 119. Tte first mrtorMGI works as a mr^ 

action between a magnetic field produced by the permanent magnets 1 35 and a magnetic field produced by the three- 
phase coOs 134, or as a generator for generating an dectnxTKrtrve force on either ends of the threephase ceils 134 
20 through the interaction between the magnetic field produced by the permanent magnets 1 35 and the rotation of the 
rotor 132. 

Like the first motor MG1. the second motor MQ2 is also constructed as a synchronous motor-generator and 
includes a rotor 142 having a plurality of permanent magnets 1 45 on its outer surface and a stator 1 43 having three- 
phase coils 1 44 wound thereon to form a revolving magnetic field. The rotor 1 42 is linked with the ring gear shaft 126 

25 connecting with the ring gear 122 of the planetary gear 120. whereas tte 

143 of the motor MG2 is also produced by laying thin plates of non<lirectional electromagnetic steel one upon another. 
Like the first motor MG1 , the second motor MG2 also works as a motor or a generator. 

The controller 180 for driving and controlling the first and the second motor MGt and MQ2 has the following con- 
figuration. Referring back to Fig. 1, the controHer 180 includes a first diving circuit 191 tor driving the first motor MG1, 

so a second driving circuit 192 for driving the second motor MGC. a control CPU 1^ 

second driving circuits 191 and 1 92, and a battery 1 94 including a number of secondary cells. The control CPU 1 90 is 
a one-chip microprocessor including a RAM 190a used as a working memory, a ROM 190b in which various control pro- 
grams are stored, an input/output port (not shown), and a serial communication port (not shown) through which data 
are sent to and received from the EFIECU 170. The control CPU 190 receives a variety of data via the input port The 

35 input data indude a rotational angle 6s of the sun gear shaft 125 measured with the resorver 139, a rotational angle 6r 
of the ring gear shaft 126 measured with the resorver 149, a rotational angle 6c of the carrier shaft 127 measured wfth 
the resorver 159, an accelerator pedal position AP (stejxxi amount of the accelerator pedal 164) output from the accel- 
erator posftion sensor 164a, a bratep 165) output from the brake 
pedal position sensor 165a, a gearshift position SP output from the gearshift position sensor 184, values of currents Iu1 

40 and tv1 from two ammeters 195 and 196 disposed in the first drMng circuit 191, values of currents Iu2 and fv2 from two 
ammeters 1 97 and 198 disposed in the second driving circuit 1 92. and a remaining charge BRM of the battery 1 94 
measured with a remaining charge meter 199. The remaining charge meter 199 may determine the remaining charge 
BRM of the battery 1 94 by any known method; for example, by measuring the specific gravity of an electrolytic solution 
in the battery 194 or the whole weight of the battery 194,bycorrputmgthecuner^ 

45 a by causing an instantaneous short droA between resistance 
against the electric current 

The control CPU 1 90 outputs a first control signal SW1 for driving six transistors Trl through Tr6 working as switch- 
ing elements of the first drrving drwrt 191 and a second cor^ 

working as switching elements of the second driving circuit 192. The six transistors Trl through Tr6 in the first driving 
50 droit 191 constitute a transistor inverter and are arranged in pairs to work as a source and a drain with respect to a 
pair of power lines L1 and L2. The thre&phase coils (U, V, W) 134 of the first motor MG1 are connected to the respective 
contacts of the paired transistors in the first driving drcurt 191 . The power Gnes L1 and L2 are respectively connected 
to plus and minus terminaJs of the battery 194. The control signal SW1 output from the control CPU 190 thus succes- 
sively controls the power-on time of the paired transistors Trl through Tr6. The electric currents flowing through the 
£5 three-phase cote 134 undergo PWM (pulse width modulation) control to give quasi-sine waves, which enable the three- 
phase rxils 134 to form a reaving magnetic field. 

The six transistors Tr1 1 through Tr16 in the second driving drcuit 1 92 also constitute a transistor inverter and are 
arranged in the 6ame manner as the transistors Tr1 through Tr6 in the first driving circuit 191. The three-phase coils 
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(UV.W) 144 of the second motor MG2 are connected to the respective contacts of the paired transistors in the second 
driving circuit 191. The second control signal SW2 output from the control CPU 190 thus successively controls the 
power-on time of the paired transistors Trt 1 through Trt 6. The electric currents flooring through the threephase coib 
1 44 undergo PWM control to give quasi-sine waves, which enable the three-phase cods 144 to form a revolving mag- 
netic field. 

The following describes the operation of the power output apparatus 110 of to 
construction In the following discussion, the term 'power* is expressed by the product of the torque acting on a shaft 
and the revolving speed of the shaft and represents the magnitude of energy output^ 

denotes a dnvmgpoffrt define There 
are, however, numerous combinations of the torque and the revolving speed to def ine a driving point that gives a certain 
power. The power output apparatus is controlled based on the energy flow at each moment in other words, based on 
the energy balance per unit time. The term 'energy* herein is thus used as the synonym of "power 1 and represents 
energy per unit lima In the same manner, both the terms 'electric power* and 'electrical energy 1 represent electrical 
energy per unit tima 

The power output apparatus 110 of the entoorf^ 
ciples discussed below, especially with the principle of torque conversion. By way of example, it is assumed that the 
engine 150 is driven at a driving point PI of the revolving speed Ne and the torque Te and that the ring gear shaft 126 
is oYivenal another driving point P2, which is drfined by arwther revolving speed Nran^ 
amount of energy identical wfth an energy Pe output from the engine 150. The means that the power output from the 
engine 150 is subjected to torque conversion and applied to the ring gear shaft 126. The relationship between the 
torque and the revolving speed of the engine 150 and the ring gear shaft 126 under such concfitions is shown in the 
graph of Fig. 4. 

According to the mechanics, the relations^ 
planetary gear 120 (that is, the sun gear shaft 125, the ring gear shaft 126, and the earner shaft 127^ 
asnorrwgramsOlustrat^ 

the toque of the three shafts in the planetary gear 120 maybe analyzed numerically through calculation of energies of 
the respective shafts, without using the nomogram* For the clarity of explanation, the nomograms are used in this 
embodiment 

In the nomogram of Fig. 5, the revolving speed of the three shafts is plotted as ordinate and the positional ratio of 
the coordinate axes of the three shafts as abscissa When a coordinate axis S of the sun gear shaft 1 25 and a coordi- 
nate axis R of the ring gear shaft 126 are positioned on either ends of a line segment, a coordinate axis C of the carrier 
shaft 127 is given as an interior division of the axes S and R at the ratio of 1 to p, where p represents a ratio of the 
number of teeth of the sun gear 121 to the number of teeth of the ring gear 122 and expressed as Equation (1) given 
below: 

the humber of teeth of the sun gear m 
p= the humber of teeth of the ring gear 1 ' 



As mentioned above, the engine 1 50 is driven at the revolving speed Ne, while the ring gear shaft 126 ts driven at 
the revoking speed Nr. The revolving speed Ne of the engine 1 50 can thus be plotted on the coordinate axis C of the 
carrier shaft 1 27 Unked with the crankshaft 1 56 d the eng^e 150, and the revolving speed Nrdth^ 
on the coordinate axis R of the ring gear shaft 126. A straight line passing through both the points is drawn, and a 
revoMrig speed Nsofthe sun gear shaft 125 is then 

S. This straight line is hereinafter referred to as a ctynamic coJlinear lina The revoMng speed Ns of the sun gear shaft 

125 can be calculated from the revolving speed Ne of the engine 150 and the revolving speed Nr of the ring gear shaft 

126 according to a proportional expression given as Equation (2) below. In the planetary gear 120, the determination 
of the rotations of the two gears among the sun gear 121, the ring gear 122, and the planetary carrier 124 results in 
automatically setting the rotation of the residual one gear. 

Ns*Nr-{Nr-Ne)^ ® 



The torque Te of the engine 150 is then applied (upward in the drawing) to the dynamic coflinear tine on the coor- 
dinate axis C of the carrier shaft 127 functioning as a line of action. The dynamic coUinear One against the torque can 
be regarded as a rigid body to which a torwfe 
different parallel fines of action, the torque Tearing 
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nate axis Sand a torque Ter on the coordinate axis R The magnitudes of the torques Tes and Ter are gjven by Equa- 
fons(3)and(4)below. 

Tes -7ex^£- (3) 
Ter-Te*^ (4) 



The equilibrium of forces on the dynamic coffinear line is essential for the stable state of the dynamic collinear One. 
In accordance with a concrete procedure, a torque Tm1 having the same magnitude as but the opposite direction to the 
torque Tes is applied to the coordinate axis S, whereas a torque Tm2 having the same magnitude as but the opposite 
dffectwntoaresuttartforceofto 

to the tOfqueTr output to the ring gear shaft 126 is appfied to the cconiriate axis Fl The torque Tm1 is given by the first 
motor MG1 , and the torque Tm2 by the second motor MQ2. The first motor MG1 appfies the torque Tm1 in reverse of 
Hs rotation and thereby worte as a generator to regenerate an electrical energy Pml, which is given as the product of 
the torque Tm 1 and the revolving speed Ns, from th e sun g ear shaft 1 25. The second motor MG2 applies the torque 
Tm2 in the direction of Hs rotation and thereby works as a motor to output an electrical energy Pm2, which is given as 
the product of the torque Tm2 and fte revolving speed Nr, as a power to the ring gear shaft 126. 

In case that the electrical energy Pm1 is identical with the electrical energy Pm2, all the electric power consumed 
by the second motor MG2 can be regenerated and supplied by the first motor MQ1. In order to attain such a state, all 
the input energy should be output that is, the energy Pe output from the engine 1 50 should be equal to an energy Pr 
output to the ring gear shaft 12a Namely the energy Pe expressed as the product of the torque Te and the revolving 
speed Ne is made equal to the energy Pr expressed as the product of the torque Tr and the re/ofving speed Nr. Refer- 
ring to Fig. 4, the power that is expressed as the product of the torque Te and the revolving speed Ne and output from 
the engine 150 driven at the driving point P1 is subjected to torque conversion and output to the ring gear shaft 126 as 
the power of the same energy but expressed as the product of the torque Tr and the revolving speed Nr. As discussed 
previously, the power output to the ring gear shaft 126 is transmitted to a drive shaft 112 via the power feed gear 128 
and the power transmission gear 111, arid furtr^transn^ed to the diving wheels 116 arid 118 via the differential gear 
1 1 4. A linear relationship is accordingly hekt between the power output to the ring gear shaft 126 and the power trans- 
mitted to the driving wheels 116 and 118. The power transmitted to the driving wheels 1 16 and 118 can thus be con- 
trolled by adjusting the power output to the ring gear shaft 126. 

Although the revolving speed Ns of the sun gear shaft 125 is positrve in the nomogram of Rg. 5, rt may o^ 
according to the revolving speed Ne of the engine 150 and the revolving speed Nr of the ring gear shaft 126 as shown 
in fte nomogram of Rg. 6. In the latter case, the first motor MQ1 applies the torque in the direction of Its rotation and 
thereby works as a mcta to correume the electrical energy Pm1 given as the product of the torque Tm1 and the revolv- 
ing speed Ns. The second motor MQ2, on the other hand, applies the torque in reverse of its rotation and thereby worte 
as a generator to regenerate the electrical energy Pm2, which is given as the product of the torque Tm2 and the revolv- 
ing speed Nr, from the ring gear 6haft 126. In case that the electrical energy Pml consumed by the first motor MQ1 is 
made equal to the electrical energy Pm2 regenerated by the second motor MG2 under such conditions, all the electric 
power consumed by the first motor MG1 can be supplied by the second motor MQ2. 

The above description refers to the fundamental torque conversion in the power output apparatus 1 10 of the 
errtxxliment . The power output apparatus 1 1 0 can, however, perform other operations as well as the above fundamen- 
tal operation that carries out the torque conversion for all the power output from the engine 150 and outputs the con- 
verted torque to the ring gear shaft 126. The possible operations include an operation of charging the battery 194 with 
the surplus electrical energy and an operation of supplementing an insufficient electrical energy with the electric power 
stored in the battery 194. These operations are implemented by regulating the power output from the engine 150 (that 
is. the product of the torque Te and the revolving speed Ne), the electrical energy Pml regenerated or consumed by the 
first motor MQ1 , and the electrical energy Pm2 regenerated or consumed by the second motor MG2. 

The operation principle discussed above is on the assumption that the efficiency of power conversion by the plan- 
etary gear 1 20, the motors MG1 and MQ2, and the transistors Tr1 through Tr16ts equal to the value '1 ', which repre- 
sents 1 00%. In the actual state, however, the conversion efficiency is less than the value T, and it is required to make 
the energy Pe output from the engine 150 a tittle greater than the energy Pr output to the ring gear shaft 126 or alter- 
natively to make the energy Pr output to the ring gear shaft 126 a little smaller than the energy Pe output from the 
engine 150. By way of example, the energy Pe output from the engine 150 may be calculated by multiplying the energy 
Pr output to the ring gear shaft 1 26 by the reciprocal of the conversion efficiency- In the state of the nomogram of Fig. 
5, the torque Tm2tf the second motor electoc power regenerated by the fM 
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motor MG1 by the efficiencies of both the motors MQ1 and MQ2. In the state of the nomogram of Fig. 6, on the other 
hand, the torque Tm2 of the second motor MG2 may be calculated by dividing the electric power consumed by the first 
motor MQ1 by the efficiencies of both the motors MG1 and MG2. In the planetary gear 120, there is an energy loss or 
heat loss due to a mechanical friction or the Gte, though the amourt of energy loss is si^ 
the whole amount of energy concerned. The efficiency of the synchronous motors used as the first and the second 
motors MG1 and MG2 is very ctose to the value '1'. Known devices such as QTOs applicable to the transistors Trl 
through Tr 1 6 have extremely small ON-resistance. The eft idency of power conversion is thus practically equal to the 
value T. For the matter of convenience, in the following discussion of the emtxxfiment, the efficiency is considered 
equal to the value 1 ' (=1 00%), unless otherwise specffied. 

The following describes a control procedureof stopping to operation of the en^ 150 whDe the vehicle is at a run 
through the above torque control, based on an engine stop control routine shown in the flowchart of Rg. 7. The engine 
stop control routine of Rg. 7 is executed when the driver gives a switching instruction to the motor driving mode only 
with the second motor MG2 or when the control CPU 190 of the controller 180 carries out an operation mode determi- 
nation routine (not shown) and selects the motor driving mode only with the second motor MG2. 

When the program enters the engne stop control routine, the control CTU^ 160 first outputs an 

engine operation stop signal to the EFIECU 1 70 through communication to stop the operation of the engine 150 at step 
S100. In response to the engine operation stop signal, the EFIECU 170 stops fuel injection from the fuel injection valve 
151 and application of a vdtage to the ignition plug 162 and fully doses the throttle valve 166. These processes stop 
the operation of the engine 150. 

The control CPU 190 then reads the revolving speed Ne of the engine 150 at stepS102. The revolving speed Ne 
of the engine 150 may be calculated from the rotational antfe Oc of the carrier shaft 127 read from the resofver 159, 
which is attached to the carrier Shaft 127 connecting with the crankshaft 156 via the clamper 157. Alternatively the 
revolving speed Ne of the engine 150 may be measured directly with the speed sensor 176 attached to the (fistrtoutor 
160. In the latter case, the control CPU 1 90 receives data of the revolving speed Ne from the EFIECU 1 70 connected 
to the speed sensor 176 through communicabon. 

After receiving frie revolving speed Ne of the engine 1 50, the control CPU 1 90 sets an initial value on a time counter 
TC based on the input revolving speed Ne at step Si 04. The tinw ccxmtefTC is an argumertusedtosetatarget revolv- 
ing speed Ne* of the engine 150 a4 step S108 (described later) art 

processing of steps S1 06 through S1 1 6 is repeated. The initial value on the time counter TC is set based on a map 
showing the relationship between the time counter TC as the argument and the target revolving speed Ne # of the engine 
150, for example, a map shown in Rg. 8. In accordance with a conwete procedure ^ 

corresponding to the input revolving speed Ne (target revolving speed Ne*) plotted on the ordinate is read from the map 
of Fig. 8. 

The control CPU 1 90 increments the preset time counter TC at step S1 06. and sets the target revolving speed Ne* 
of the engine 1 50 corresponcfing to the incremented time counter TC using the map shown in Rg. 8 at step S1 08. In 
accordance with a concrete procediire, the taj^ revolving speed Ne' c^rreV^ng to the tin^cotrnterTC plotted on 
the abscissa is read from the map of Fig. 8. A process of determining the target revolving speed Ne* corresponding to 
the value TCfV, which is the initial value on the time counter TC plus one, rs shewn in the map of Rg. 8. The control 
CPU 190 subsequently receives the revolving speed Ne of the engine 150 at step S110, and sets a torque command 
value Tmr of the first motor MQ1 based on the input revolving speed Ne and the preset target revolving speed Ne* 
according to Equation (5) given below at step S1 12. The first term on the right side of Equation (5) is a proportional term 
to cancel the deviation of the actual revolving speed Ne from the target revolving speed Ne*, and the second term on 
the right side is an integral term to cancel the stationary deviation. K1 and K2 denote proportional constants. 

Tml VK1(Afe'-Afe)+K2l {Ne*-Ne)(tt (5) 

The control CPU 190 then sets a torque command value Tm2* of the second motor MG2 based on a torque com- 
mand value Tr* to be output to the ring gear shaft 126 and the preset torque command value Tm1 * of the first motor 
MG1 according to Equation (6) given below at step S114. The second term on the right side of Equation (6) represents 
a torque applied to the ring gear shaft 126 via the planetary gear 120 when the torque defined by the torque command 
value Tml * is output from the first motor MG1 while the engine 150 is at a stop. K3 denotes a proportional constant 
The proportional constant K3 is equal to one in the state of equflforium on the dynamic coHinear line in the nomogram. 
In a transient state in the course of stopping the operation of the engine 150, part of the torque output from the first 
motor MQ1 is used to change the motion of the inertia! system consisting of the engine 150 and the first motor MQ1. 
The proportional constant K3 is accordingly smaller than one. A concrete procedure tor accurately determining this 
torque calculates a torque (inertial torque) used to change the motion of the inertia! system by multiplying a moment of 
inertia seen from the first motor MG1 of the inertial system by an angular acceleration of the sun gear shaft 1 25, sub- 
tracts the inertial torque from the torque command value Tm1 \ and divides the difference by the gear ratio p. Since the 
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torque command value Tmi* set by this routine is a relatively small value, the procedure of this entrapment utilizes the 
propxxltonal consiart ^ 

1 26 is set based on the step** amount of the accelerator pedal 164 by the ^ 

routine shown in the flowchart Of Rg. 9. The following discusses the procedure of setting the torque command value Tr*. 

7m2V7rMC3x— (6) 
P 



The required torque setting routine of Rg. 9 is repeatedly executed at predetermined time intervals (for example, 
at every 8 msec). When the program enters the routine of Rg. 9, the control CPU 190 of tho controller 180 first reads 
the revolving speed Nr of the ring gear shaft 126 at step S130. The revolving speed Nr of tho ring gear shaft 1 26 may 
be calculated from the rotational angle 6r of the ring gear shaft 126 read from the resolver 149. The control CPU 190 
then reads the accelerator pedal position AP detected by the acx^er^ 

driver steps on the accelerator pedal 164 when feeling insufficiency of the output torque. The value of the accelerator 
pedal position AP accorrJngry represents the desired torque to be output to the ring gear shaft 126 and eventually to 
the driving wheels 116 and 118. The control CPU 190 subsequently determines the torque command value Tr*, that is, 
the target torque to be output to the ring gear shaft 126, based on the input revolving speed Nr of tie ring gear shaft 
1 26 and the input accel erator pedal position AP at step S134. Not me torque to be output to 
118but the torque to be output to the ring gear shaft 126 is calculated herefrom 
the revolving speed Nr. This is becauso me ring gear shaft 126 is ^ 

118viathepowerfeed gear 128, fre power transmission gOT gear 114 and the determination 

of the torque to be output to the ring gear shaft 126 thus results in determining the torque to be output to the driving 
wheels 1 1 6 and 1 1 8. In this embodiment, a map representing the relationship between tie torque command value Tr*, 
the revolving speed Nr of the ring gear shaft 126, and the accelerator pedal position AP is prepared in advance and 
stored in the ROM 1905. In accordance with a concrete procedure, at step S134, the torque command value Tr corre- 
sponring to the input accelerator pedal position AP and the input revolving speed Nr of the ring gear shaft 126 is read 
from the map stored in the ROM 190b. An example of available maps is shown in Rg. 10. 

Referring back to the flowchart of Fig. 7, after setting the torque command value Tm1 * of the first motor MQ1 at 
step S1 12 and the torque command value Tm2* of the second motor MQ2 at step S11 4, the program repeatedly exe- 
cutes a control routine of the first motor MQ1 shown in me flowchart of Rg. 11 and a control routine of the second motor 
MG2 shown in the flowchart of Rg. 12 at predetermined time intervals (for example, at every 4 msec) through an inter- 
ruption process, thereby controlling the first motor MG1 and the second motor MG2 to output the torques defined by the 
preset torque command values. The control procedures of the first motor MG1 and the second motor MG2 will be 
described later. 

The control CPU 190dthecorrtroOer180mencc^ 150 with a threshold 

value Nref at step $116. The threshold value Nref is set to be dose to the target revolving speed N^ 
determined by the processing in the motor driving mode with only the second motor MQ2. In this embodiment the tar- 
get revolving speed Ne* of the engine 1 50 determined by the processing in the motor driving mode with only the second 
motor MQ2 is equal to zero, and the threshold value Nref is set to be close to zera The threshold value Nrel is smaller 
than the tower limit of a specific revolving speed range; to which the system cam 

carri er shaft 1 27 linked with each other via the damper 1 57 causes a resonanca In case that the revolving sp8ed Ne of 
the engine 1 50 is greater than the threshold value Nref. the program determines a transient state in the course of stop- 
ping the operation of the engine 150 and that the revolving speed Ne of the engine 150 is still not less than the lower 
limit of the specific revolving speed range that causes a resonanca The program accordingly returns to step S106 and 
repeats the processing of steps $1 06 through S1 16. Every time when the processing of steps S106 through S1 16 is 
repeated, the time counter TC is incremented and a smaller value is read from the map shown in Rg. 8 and set to the 
target revolving speed Ne* of the engine 1 50. The revolving speed Ne of the engine 150 thus decreases by a simflar 
slope to that of me target revolving speed te* shown in to 

speed Ne* is set to be not less than the slope of a natural variation in revorving speed Ne elm 
Section to the engine 150. the revolving speed Ne of the engine 150 can be decreased abruptly, to case that the slope 
of the target revolving speed Ne* is set to be less than the slope of the natural variation in revorving speed Ne. on the 
contrary, the revolving speed Ne of the engine 1 50 can be decreased gently. In this embodiment the slope of the target 
revorving speed Ne* is set to be not less than the slope of the natural variation in revolving speed Ne, on the assumption 
that the revorving speed Ne passes through the specific revolving speed range that causes a resonance. 

In case that the revolving speed Ne of the engine 150 becomes equal to or less than the threshold value Nref at 
step S11 6, on the other hand, the program sets a cancel torque Tc to the torque command value Tml * of the first motor 
MQ1 at step S1 18, sets the torque command value Tm2* of the second motor MQ2 according to Equation (6) given 
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above at step S120, and waits lor a predetermined lime period at step S122. The canoe) torque Tc prevents the revolv- 
ing speed Ne of the engine 150 from taking a negative value, that is, undershooting. The reason why the revolving 
speed Ne of the engine 150 undershoots when the operation of the engine 1 50 is positively stopped by the first motor 
MG1 under the PI control, has been described previously. 

After the predetermined time period has elapsed while the first motor MG1 outputs the cancel torque Tc, the pro- 
yam sets the torque command value Tm1* of the first motor MG1 equal to zero at step S124 and the torque command 
value Tm2* of the second motor MG2 equal to the torque command value Tr* at step SI 26. The program then exits from 
this routine and executes the processing in the motor driving mode with only the second motor MQ2 (not shown). 

The control operation of the first motor MG1 follows the control routine of the first motor MG1 shown in the flowchart 
of Fig. 11. When the program enters the routine of Rg. 11, the control CPU 190 of the controller 180 first receives the 
rotational angle 8s of the sun gear shaft 1 25 from the revolver 1 39 at step S1 80, and calculates an electrical angle 01 
of the first motor MG1 from the rotational angle 6s of the sun gear shaft 125 at step S181. hi this embodiment since a 
synchronous motor of four-pole pair (that is, four N poles and tow Spdes) is used as the 
angle 6s of the sun gear shaft 125 is quadrupled to yield the electrical angle 61 (61=46s) . The CPU190 then detects 
values of currents Iu1 and fv1 flowing through the U phase and V phase of the three-phase coQs 134 in the first motor 
MG1 with the ammeters 195 and 1 96 at step S1 82. Although the currents naturally flow through all the three phases U, 
V, and W, measurement is required only lor the currents passing through the two phases 6inra^ 
is equaltozera At subsequent step S184, the control CPU 190 executes transformation of coordinates (three-phase to 
two-phase transformation} using the values of currents flowing through the three phases obtained at step S1 82. The 
transformation of coordinates maps the values of aments flowing through the three phases to the values of currents 
passing through d and q axes of the permanent magnet-type synchronous motor and is executed according to Equation 
(7) given below. The transformation of coord nates is carried out because the currents flowing through the d and q axes 
are essential for the torque control in the permanent magnet-type synchronous motor. Alternatively, the torque control 
may be executed directly with the currents flowing through the three phases. 

r w1 i - j 2 r" 6in(el " 120) 61091 t^i m 

L/qlJ " lcos(6M20) coseilfvl J 

After the transformation to the currents of two axes, the control CPU 1 90 computes deviations of currents W1 and 
Iqt actually flowing through thed and q axes from current command values til* and Iq1* of the respective axes, which 
are calculated from the torque command value Tm1 * of the first motor MG1 , and subsequently determines voltage com- 
mand values Vd1 andVql with respect to the dandq axes at step S188.foaccordaricewithaconaetepnxedure,the 
control CPU 190 executes arithmetic operations of Equations (8) and Equations (9) given below, tn Equations (9), Kp1, 
Kp2, Kit , and W2 represent coefficients, which are adjusted to be suited to the characteristics of the motor applied. 
Each voltage command value Vdl (Vq1) includes a part in proportion to the deviation Al from the current command 
valuer (the fta term on the rigM side tf^ 
(the second term on the right side) . 

AW1 = W1Vd1 (8) 
A/<y1 = Aj1 # -/g1 

W1 o Kp\ • AW1+ £ K71 • A ft/1 (9) 

Vql = Kp2»MqUZKi2'Alq\ 

The control CPU 190 then re-transforms the coordinates of the voltage command values thus obtained (two-phase 
to three-phase transformation) at step S1 88. This corresponds to an inverse of the transformation executed at step 
$184. The inverse transformation determines voltages Vu1 . W1, and Vw1 actually applied to the three-phase coils 134 
as expressed by Equations (10) given below: 

LwiJ° 3Lcos(6M20) -sin(6M20)JLvqlJ ( ' 

Vw1=-vt/1-W1 
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The actual voltage control is accomplished by on-off operation of the transistors Tr1 through Tr6 in the first driving cir- 
curt 191. At step S1 89. the on- and off-time ofthe transistors Tr 1 through Tr6 in the first driving circuit 1 91 is PWM (pulse 
width modulation) controlled, in order to attain the voltage command values Vu1, W1, and Vwl determined by Equa- 
tions (10) given above. 

It is assumed that the torque command value Tm1* of the frst motor MG1 is positive when the torque Tm1 is 
appfied in thedirectkm shown in the norr^ 

the first motor MG1 is controlled to carry out the regenerate operation when me tor^ 

reverse of the rotation of the sun gear shaft 125 as in the state of the nomogram of Fig. 5, and controlled to carry out 

the power operation when the torque command vahjeTmr acts in the Erection of rotation of ^ 

in the state of the nomogram of Fig. 6. For the positive torque command value Tm1*, both the regenerative operation 

and the power operation of the first motor MQ 1 implement the identical switching control. In accordance with a concrete 

procedure, the transistors Trl through TO are controlled to enable a positive torque to be 

applied to the sun gear shaft 125 by the combination of the magnetic field generated by the permanent magnets 135 

set on the outer surface of the rotor 132 with the revolving magnetic field generated by the currents flowing through the 

three-phase coils 134: The identical switching control is executed for both the regenerative operation and the power 

operation of the first motor MG1 as long as the sign of the torque command value Tmr is not changed. The control 

routine of the first motor MQ1 shown inthe flowchart <rfRg. 11^ 

the power operation. When the torque command value Tm1* is negative, the rotational angle 6s of the sun gear shaft 
125 read at step S1 80 is varied in a reverse direction. Tte 
also applicable to this case. 

The control operation of the second motor MG2 follows the control routine of the second motor MG2 shown in me 
flowchart of Rg. 12. TTie control procedure of the second nrxto 

that the torque command value Tm2* and the rotational angle 6r of the ring gear shaft 126 are used in place of the 
torque command value Tm1 * and the rotational angle 6s of the sun gear shaft 1 25. When the program enters the routine 
of Fig. 12, the control CPU 190 of the controller 180 first receives the rotational angle 6r of the ring gear shaft 126 from 
the revolver 149 at step $190, and calculates an electrical angle 62 of the second motor MG2 from the observed rota- 
tional angle 8r of the ring gear shaft 1 26 at step S1 91 . At subsequent step S1 92, phase currents Iu2 and tv2 of the sec- 
ond motor MG2 are measured with the ammeters 197 and 198. The control CPU 190 then executes transformation of 
coordinates for the phase currents at step 81 94, computes voltage command values Vd2 and Vq2 at step Si 96, and 
executes inverse transformation of coordinates for the voltage command values at step S198. The control CPU 190 
subsequently determines the on- and off-time of the transistors Tr1 1 through Tr16 in the second driving circuit 192 for 
the second motor MG2 and carries out the PWM control at step S199. 

The second motor MQ2 is also controlled to carry out either the regenerative operation or the power operation, 
based on the relationship between the direction of the tofque command value TrrC* and the direction of the rotation of 
the ring gear shaft 126. Lfre the first motor MQ1 , the control process of the second motor MQ2 shown in the flowchart 
of Fig. 12 is applicable to both the regenerative operation and the power operation. In this embodiment it is assumed 
that the torque command value Tm2* of the second motor MQ2 is positive when the torque Tm2 is applied in the direc- 
tion shown in the nomogram of Fig. 5. 

The following describes variations in revolving speed Ne of the engine 150 and torque Tm1 of the first motor MG1 
during the control process to stop me engine 150, wflh the norr^ 

Fig. 13 is a rornograrn shewing the state when the engine stop control routine of Rg. 7 is carried out tor the first time; 
Fig. 14 is a nomogram showing the state when the processing of steps S1 06 through S1 16 in the engine stop control 
routine has repeatedly been executed; and Fig. 15 is a nomogram showing the state when the revolving speed Ne of 
the engine 150 becomes equal to or less than the threshold value Nref. As discussed above, in the embodiment, the 
slope of the target revolving speed Ne* in the map of Fig. 8 is set to be not less than the slope of the natural variation 
in revolving speed Ne. As shown in Figs. 13 and 14, the torque Tm1 output from the first motor MG1 thus acts to forcibly 
decrease the revolving speed Ne of the engine 1 50. When the engine stop control routine is carried out for the first time, 
the torque Tm1 is appfied in reverse of the rotation of the sun gear shaft 1 25, and the first motor MG1 according^ func- 
tions as a generator. The revolving speed Ns of the sun gear shaft 1 25 then takes a negative value as shewn in Rg. 14, 
and the first motor MG1 functions as a motor. At this moment the first motor MG1 is under the PI control based on the 
revolving speed Ne of the engine 150 and the target revolving speed Ne*. The revolving speed Ne of the engine 1 50 
thus varies with a Bttte delay from the target revolving speed Ne* as shown in Fig. 16. As (fiscussedrxevia 
rwogramof Rg. 6, the revolving speed Ns of the sun gear shaft 125 maytake a negative value according to the revolv- 
ing speed Ne of the engine 150 and the revolving speed Nr of the ring gear shaft 126 in the state prior to the output of 
an engine operation stop instruction. The nomogram of Fig. 14 may accordingly represent the state when the engine 
stop control routine is carried out for the first time. In this case, the first motor MG1 functions as a motor fr o m the begin- 
ning. 
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In the state of the nomograms oJ Rgs. 13 and 14, the fuel supply to the engine 150 is stopped/and no torque is 
accordingly output from the engine 1 50. The first motor MG1 outputs the torque Tml that torc&ty reduces the revolving 
speed Ne of the engine 150, and a torque Tsc is then appfied to the carrier shaft 127 as a reaction of the torque Tm1. 
The ring gear shaft 126, on the other hand, receives the toque Tm2 output from the second motor MG2 and a torque 
5 Tsroutputvia the planetary gear 1 20 acrorrpanied by the torque Tm1 output from the first motor MG1. The torque Tsr 
appfied to the ring gear shaft 126 can be calculated ty tal^ 

and the variation in motion of the inertia] system consisting of the engine 150 and the first motor MG1 . The torque Tsr 

is almost equivalent to the second term on the right side of Equation (6). r>temery the torque approximate to the tortfje 

command value Tr* is thus output to the ring gear shaft 1 26. 
w When the revolving speed Ne of the engine 1 50 becomes equal to or less than the threshold value Nref at step 

S116 in the engine stop control routine of Rg. 7, the first rrtotor MG1 outputs the cancel torque Tc. The engine 150 

accordingly stops without undershooting the revolving speed Ne of the engine 150 as shown by the broken lines in Fig. 

16, and the operation mode is smoothly shifted to the motor driving mode with only the second motor MG2. In this 

erttoodimerrt, the torque <x>rnmandvatoeTm1*<rftheW 
is only the second motor MG2. The dynamic coffinear line is thus stably kept in the state having the least sum of the 

energy required for racing the engine 1 50 and the energy required for racing the first motor MG1 . Since the engine 150 

is a gasoline engine in the errtodiment, the energy required for racing the er^ 

friction and compression of the piston in the engine 150, is greater than the energy required tor racing the rotor 132 of 
thefirst motor MG1. The dyrtarrkoolBnear Gne is accordingly in the state of stopping the engine 150 and racing the first 
20 motor MG1 as shown in the nomogram of Rg. 15. The cancel torque Tc output from the first motor MG1 is also shown 
in the nomogram of Rg. 15. 

As discussed above, the power output apparatus 110 of the embodiment qukJdy reduces the revolving speed Ne 
of the engine 150 to zero in response to an instruction for stopping the operation of the engine 150. This allows the 
revolving speed Ne of the engine 150 to swiftry pass through the specific revolving speed range that causes a reso- 

26 nartceoftrratorskmalvtoratira 

the simplified structure of the damper 1 57 for reducing the ampCtude of the torsional vibrations. 

In the power output apparatus 11 0 of the errtafiment, the first motor MG1 outputs the cancel torque Tc in the 
direction of increasing the revolving speed Ne of the engine 150, immediately before the revolving speed Ne of the 
engine 150 becomes equal to zero. This structure effectively prevents the revolving speed Ne of the engine 150 from 

so undershooting, thereby preventing occurrence of a vibration and a foreign noise due to undershooting. 
The power output apparatus 1 10 of the ernbodiinert uses me map wherein tto 
Ne* is greater than the slope of the natural variation in revolving speed Ne of the engine 1 50 (for example, the map of 
Fig. 8), and accordingly enables the first motor MGt to output the torque Tm1 that forcibly reduces the revolving speed 
Ne of the engine 1 50. In accordance with an alternative appBcation, another map wherein the slope of the target revotv- 

35 ing speed Ne* Is less than the slope of the natoral variation in revoh^ 

the map of Fig. 8, so as to enable a gerrfle variation in revolving speed Ne of the engine 1 50. This alternative structure 
allows the revolving speed Ne of the engine 150 to be gently varied 

In accordance with still another possible application, another map wherein the slope of the target revolving speed 
Ne* is identical with the slope of the natural variation in revolving speed Ne of the engine 150 is used in place of the 

40 map of Fig. 8, so as to enable a natural vari^ 

mand value Tmr of the first motor MQ1 is set equal to zero when the operation of the engine 150 is storied. Theflow- 
chartof Rg. 17 shows an engine stop control routine in this modified application. In this routine, the progam sets the 
torque command value Tmf of the first motor MG1 equal to zero at step S202 and sets the torque command value 
Tm2* of the second motor MQ2 equal to the torque command value Tr* at step S21 0. No torque is accordingly output 

45 from the first nxrtorfv^ is cortsumed by the friction 

and compression of the piston in the engjnB 150, the dynamic colBnear line is shifted toward the state havtog the least 
sum of the energy required for racing the engine 1 50 and me energy required for racing the first m 
state in the nomogram of Rg. 15). When no torque is output from the first motor MG1 . the first MQ1 does not consume 
any electric power. This structure accorringjy improves the energy efficiency of the whole power output apparatus. The 

so engine stop control routine of Rg. 17 can be regarded as the rxocessing routine In the motor driving mode with only the 
second motor MQ2. 

In the power output apparatus 1 10of the errtxxfimerit the target revolvi 
to zero in the motor driving mode with only the second motor MG2 and the threshold value Nref is then set approximate 
to or equal to zero. In accordance with another possible appfication, the target revolving speed Ne* of the engine 150 

55 may be set equal to a specific value other than zero in the motor driving mode with onty the second motor MQ2. In this 
case, the threshold value Nref is set approximate to or equal to the specific value. By way of example, the idle revolving 
speed is set to the target revolving speed Ne* of the engine 150, and the threshold value Nref is set approximate to or 
equal to the idle revolving speed. 
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In the power output apparatus 1 10 of the errfcodiment discussed above, the cor^ 
the revolving speed Ne of tie engine 150 at the time of stopping me operation of the engine 150 while the vehicle is at 
a run, mat is, while the ring gear shaft 126 rotates. The control procedure is also applicable to regulate the revolving 
speed Neof the engine 150 at the time of stopping the operation of the engine 150 whOe the vehicle is at a stop, that 
is, while the ring gear shaft 126 does not rotate. 

In the power output apparatus 1 1 0 of the embodiment the torque com 
the torque command value Tm2* of the second motor MG2 are set in the engne stop control routine. In accordance 
with an alternative application, the torque command value Tmr of the first motor MQ1 is set in the control routine of 
the first motor MG1 and the torque command value Tm2* of the second motor MG2 in the control routine of the second 
motor MQ2. 

In the power output apparatus 110 of the embodiment the power output to the ring gear shaft 126 is taken out of 
the arrangement between the first motor MG1 and the second motor MG2 via the power feed gear 128 Gnked with the 
ring gear 122. LAe another power output apparatus 110A shown in Fig. 18 as a modified example, however, the power 
may be taken out of the casing 119, frtxnvvhich the ring gear shaft 126 is extended Rg. 19 shows still another power 
output apparatus 11 OB as another modified example, wherein the engine 150, the planetary gear 120, the second 
motor MQ2, and the first motor MQ1 are arranged in this sequence In this case, a sun gear shaft 125B may not have 
a hollow structure, whereas a hollow ring gear shaft 1 26B is required. Thfs modified structure enables the pwer output 
to the ring g ear shaft 1 26B to be taken out of the arrangement between th e engine 1 50 and the second motor MQ2 . 

The following describes another power output apparatus 1 1 0' as a second embodiment according to the present 
invention. The power output apparatus 1 1 0' of the second embodiment shown in Rg. 20 has a similar hardware struc- 
ture to that of the power output apparatus 11 0 of the first embodiment except that the engine 1 50 has an open-dose 
timing changing mechanism 1 53 in me second embodiment The difference in hardware structure, which is discussed 
below, leads to the different processing routines carried out by the controller 1 80. 

Referring to Rg. 20, the open-dose timing changing mechanism 153 adjusts the open-close timing of an intake 
valve 150aoJthe engine 150. Rg. 21 shows the detailed structure of the open-dose timing changing mechanism 153. 
The intake valve 150a is generally opened and dosed by a cam attached to an intake cam shaft 240, whereas an 
exhaust vata 150b is opened and closed by a cam attached to an exhaust cam shaft 244. An intake cam shaft timing 
gear 242 linked with the intakB cam shaft 240 and an exhaust cam shaft timing goer 246 linked with the exhaust cam 
shaft 244 are connected with the crankshaft 156 via a timing bett 248. border to open and close me intate 
and the exhaust valve 150b at a timing corresporKfing to me revolving speed of the engino 150. In addition to these con- 
ventional elements, the cpervdose timing changing mechanism 1 53 further indudes an OCV 254 that is connected with 
the intake cam shaft timing gear 242 and the irtate cam shaft 240 via anal pressure 
tioris as a (x>ntrdvahre of irput oil pressure The VVTp^ey 250 includes a set d movable pistons 

252 that reciprocate in an axial cfirection by rneans of me ofl pressure The oil pressure input to tn^ 
fed by an engine ofl pump 256. 

The open-dose timing changing mechanism 153 works based on the following operation prindpla The EFIECU 
1 70 determines the open-dose timing ot the valve according to the driving conditions of the engine 1 50 and outputs a 
control signal to control the orwrff state of the OCV 254. The output control signal varies the ofl pressure input to the 
WT pulley 250 and thereby shifts the movable pistons 252 in the axial cfirection. The movable pistons 252 have threads 
running in an oWique di rectbn with respect to the axis. The movement in the axial cfirection accofdingly causes rotation 
of the movable pistons 252 and changes the orientation of the intake cam shaft 240 and the intake cam shaft timing 
gear 242 connecting with the rnovaWe pistons 252. This results in var^ 

and charing the valve overlap. InmeexarnpleofRg. 21, them pulley 250 is disposed only on the side of the intake 
cam shaft 240 and does not exist on the sxte of the exhaust cam shaft 244, so that the vaKre overlap is controlled by 
regulating the open-dose timing of the intake valve 1 50a 

The controller 180 carries out the following control operation in the second embedment Rg. 22 is a flowchart 
showing an engine stop control routine carried out in the second embodiment The engine stop control routine is exe- 
cuted at every 8 msec by the interrupting operation after the controller 180 determines that the engine 150 is to be 
stopped, based on the driving state of the vehide and the remaining charge SOC of the battery 194, and sends a stop 
instruction to the EF ECU 1 70 so as to cease the fuel injection into the engine 1 50. When the program enters the routine 
of Rg. 22, the control CPU 190 of the controller 1 80 (see Rg. 1 ) sets a current target torque STG of the first motor MG1 
to a variable STGoW at step S300, sets a reduction torque STGmn at step S305. and sets a processing time mrrtg of 
slower 8peed reduction atstepS310.The reduction torque STQmn is set in advance against the revolving speed Nr of 
the ring gear shaft 126, that is, the vehide speed, as shown in the graph of Rg. 23. In accordance with a concrete pro- 
cedure of this embodiment, at step $305. the reduction torque STGmn corre^poncfing to the revolving speed Nr of the 
ring gear shaft 126 is read from a map that represents^ 

1 90& The reduction torque STQmn denotes a torque applied by the first motor MG1 to the earner shaft 1 27 and thereby 
to the crankshaft 156, in order to reduce the revoking speed of me engine 150 irt^ 
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tion. The processing time mntg of slower speed reduction represents a time period specffied as a degree of refieving 

the reduction rate of the revolving speed in the speed reduction process off an open^ 

to prevent a torque shock. The processing time mntg ristower speed reduction to set to a sn^ 

revolving speed Nr of the ring gear shaft 126 as 6hown in the graph of Rg. 24. The revolving speed Mr of the ring gear 

shaft 126 corresponds to the vehicle speed, so that the longer processing time mntg d stow 

ably 6et tor the lower vehicle speed to relieve the reduction rate of the torque command v^^ 

a torque shock. The processing time mntg will be discussed more in the open-loop control carried out at step S350. 

After setting these variables, the control CPU 190 determines whether or not Condition 1 is fuffiDed at step S320. 
Confition 1 represents a preset condhion to allow 

msec has elapsed since an instruction was given to cease the fuel injection to the engine 150. The instruction to cease 
the fuel injection may not cause an immediate decrease in output torque of the engine 1 50. The waiting time of 300 
msec is thus to ensure that the output torque of theengine 150 has eerily been deaeased. In responsetoaninstruc-^ 
tion of the EFIECU 170, after the fuel cutting operation, the engine 150 controls the open-close timing changing mech- 
anism 1 53 to set the open-dose timing of the valve to the greatest lag angle. Such setting decreases the toad applied 
at the time of a restart of the engine 150 and reduces the shock in the process (rf motoring the engine 150. bi case ^ 
Condition 1 is not fulfilled, the program proceeds to step S330 to continue the PID control based on the difference 
between the actual revolving speed and the target revolving speed of the engine 1 50 and keep the revolving speed of 
the engine 150. 

In case that Condition 1 is Mfflled and a start of the engine stop axmolte allows* 
proceeds to step S340 to conpare the revolving speed Ne of the engjne 150 with a predetermined vatoehDvu 
determined value Nkn used herein is a condition to stop the opervtoop control when the execution of the engine stop 
control has lowered the revolving speed Ne of the engine 1 50. In this embodiment the predetermined value Nkn is set 
equal to 200 rpm under the condition of the vehicle at a stop, 250 rpm under the condition of the vehicle on a run with 
the brate off, and 350 rpm under the concfition of the v^ 
tally determined to prevent the revolving speed of the engine 1 50 from undershooting. 

In case that the engine speed Ne is not smaDer than the predeterninedvatoeNlmatstepS340,lhepft^ram^ 
ceeds to step S350 to carry out the open-loop control and reduce the engine speed. The open-loop control wffl be dis- 
cussed laler with the flowchart of Rg. 25. Execution of the open-loop control graduafly decreases the revoMng speed 
Ne of the engine 1 50. When the revolving speed Ne of the engine 150 has decreased to be lower than the predeter- 
mined value Nkn, it is determined whether or not the current target torque STQ is substantially equal to zero at step 
S360. In case that the current target torque STG is not substantially equal to zero, the program proceeds to step S370 
to carry out the processing to prevent the revolving speed of the engine 1 50 from undershooting. 

After the processing at any one of steps S330, S350, S360. and $370. the program goes to step S380 to restrict 
the torque range end to step S390 to set a calculated target torque ttg subjected to the processing of torque range 
restriction to the target torque STGL The program then exits from this routine. The processing of torque range restriction 
limits the calculated target torque ttg to the rated torque range of the first motor MG1 or to an available torque range 
based on the remaining charge of the battery 1 94. 

The above procedure is repeatedly executed to regulate the revolving speed of the engine 1 50. Until 300 msec has 
elapsed since a stop of fuel supply to the engine 150, the PID control is carried on to 

get revolving speed (steps S320 and S330). After 300 msec has elapsed, the PID control is replaced by the open-loop 
control to apply a torque from the fto to the output shaft of the engine 150 or the crart 

of the rotation of the crankshaft 156 and thereby reduce therevoMng speed of^ 

of deceleration (steps S320. S340,andS350). This process is shown Section A of Fig. 27. When the revolving speed 
Ne of the engine 150 becomes lower than the predetermined value Nkn, the open-loop control is concluded and the 
processing is carried out to prevent undershoot (steps S320, S340, S360, and S370). This process causes the target 
torque to gradually decrease and approach zero as shown by Section B of Fig. 27. 

The flowchart of Fig. 25 shows the details of the open-loop control executed at step S350. When the program 
enters the open-loop control routine, it is first determined whether the vehicle is at a stop or on a run at step S351. In 
case that the vehicle is on a run, the program proceeds to step $352 to cany out the pra 
tion using the target torque STGoti and the reduction torque STGmn set at the start of the engine stop control and cal- 
culate a tentative target torque ttg. The processing of slower speed reduction is carried on for the processing time nmtg 
previously set according to the vehicle speed (see step $31 0 to the flowchart of Fig. 22 and Rg. 24). The processing of 
slower speed reduction mathematically represents an Integration process, but may be realized by calculating the 
weighting average of the currently observed value and the target value in case that the processing is repeatedly exe- 
cuted at predetermined intervals like this embodiment In this embodiment, the calculation of weighting average is car- 
ried out at every processing time nmtg and the weight added to the currently observed value is approximately one 
sixteenth the weight added to the target value. Immediately after the program enters the processing to stop the engine 
1 50, the target torque STQ is set up a specif i ed value by the P IP control described above (see Fig. 22 step S330). The 
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processing of slowef speed reduction Ihus does not 

cfiatery alter toe start of the engine stop control but gradually rTiakes the value of me tentato 
the reducfion torque STGmn set based ai the map d Fig. 23. The longer process^ 

tion is set for the lower vehicle speed. The tentative target torque ttg accordingly approaches the reduction torque 
STGmn at the gentler rate against the lower vehicle speed. 

When it is determined that the vehicle is at a stop at step S351 , on the other hand, there is no need of varying the 
processing time of slower speed reduction 

carry out the processing of slower speed reduction tor a fixed processings^ 

ference of the processing at step S353 under the condition of me vehicle at a stop from the processing at step S352 
under the concfition of the vehicle on a run is that the reduction torque STGmn set according to the vehicle speed is 
replaced by the sum of the fixed reduction torque and a learnt value stgkg of the target torque, tn accordance with a 
concrete procedure, at step S353, the processing of slower speed reduction is carried out using the current target 
torque STGoW and the torque (-14+€tgkg)-STGoM. While the vehicle is on a run. the driver hardly feels the torque 
shock due to a stop of the engine 150. Whflemevehideisatastop,onthec 

shock due to a stop of the engine 150. The program aoconfingly learns the behavior of reduction of the target toque 
under the concfition of the vehicle at a stop, and ftus enables the entfne 190 to be stopped w* 
shoot The concrete procedure of obtaining the leamt value stgkg wiD be discussed later. 

The above processing is executed at predetermined intervals, so that the tentative target torque gradually 
approaches the reduction torque STGmn at the rate depending upon the processing time nmtg of slower speed reduc- 
tion. After the tentative target torque ttg becomes coincident with the reduction torque STGmn, the first motor MQ1 out- 
puts a substantially fixed torque. 

After me processing of slower spe^ 
drtion of the vehicle at a stop, it is determined whether or not Condition 2 is fuMled at step S354. Condition 2 includes 
the following three conditions: 

(1) The revolving speed Neofthe engine 150 is not greater than 400 rpm; 

(2) The vehicle is at a stop; and 

(3) The learnt value stgkg has not yet been updated (that is, a flag Xstg representing execution of the learning proc- 
ess is not equal to one). 

In case that any one of these three conditions is not fulf Bled, the program irnmediately goes to NEXT and exits from 
this routine. In case that aO the three conditions are.fuftfied, on the other hand, the program halts the torque reduction 
and starts the processing to gradually decrease the target torque to zero. At step $355. a deceleration AN of the revolv- 
ing speed is computed. 

The deceleration AN of the revolving speed is defined as the difference between the previous revolving speed 
detected at a previous cycle and the current revolving speed detected at a current cycle. En this embodiment, detection 
of the revolving speed Ne Is carried out at every 16 msec. Trie program then goes to step S356 to det^ 
or not the deceleration AN of the revolving speed is within a range of -54 to -44. In case that the deceleration AN of the 
revolving speed is within this range, the program goes to NEXT and exits from this routine. In case that the deceleration 
AN of the revolving speed is greater than the value -44, a tentative leamt value tstg is decremented by one at step S357. 
In case that the deceleration AN of the revolving speed is smaller than the value -54, on the other hand, the tentative 
learnt value tstg is incremented by one at step S35& The procedure checks the reduction rate of the engine speed Ne 
in Section A of Fig. 27 and varies the tentative leamt value tstg in order to affect the learnt value stgkg in the process 
of determining the reduction torque under me condition d the vehto 

In the case of the smaller reduction rate, such variation in tentative leamt value tstg increases the absolute value of the 
target reduction torque, which is a negative value and is expressed as (-1 4+stgkg)-STGtoW) calculated at step S353. In 
the case of the greater reduction rate, on the contrary, the variation decreases the absolute value. The reduction rate of 
the revolving speed Ne of the engine 1 50 at the time of stopping the engine 1 50 is accordingly adjusted to the appro- 
priate range of -54 Nm/16 msec to 44 Nm/16 msec through the learning control. 

The program then goes to step S359 to restrict the tentatrvelearrtvaluetstgtoapredeterrr^ range and set the 
flag Xstg representing execution of the learning process equal to ona The procedure does not directly set the leamt 
value stgkg but sets the tentative leamt value tstg, in order to prevent the learnt value used for the processing of slower 
speed reduction (step S353) from being changed at every cycle of this opervtoop control routine. The I earnt value stgkg 
is used in a next cycle of the engine stop control. 

The operHoop control routine discussed above is carried out after 3W 
to the engine 1 50, and gradually increases the magnitude of the negative torque applied from the first motor MQ1 to the 
output shaft of the engine 1 50 (that is, the torque applied in reverse of the rotation of the output shaft) toward the final 
torque determined according to the state of the vehicle, that is, at a stop or on a run. When the revolving speed Ne of 
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the engine 150 gradually decreases as shown by Section A off Fig. 27 to a below 400 rpm, in case that me vehicle is 
at a stop, the learnt value tstg depends upon the deceleration AN of the revolving speed 

In case that the revolving speed Neof the engine 150 gradually deaeases and eventually becomes smaDer than 
the predetermined value Nkn, the open-loop control is replaced by the processing to prevent undershoot (executed at 
step S370 in the flowchart of Rg. 22). The flowchart of Rg. 26 shows the details of the processing to prevent under- 
shoot When the program enters the routine of Fig. 26, the tentative target torque ttg is computed at step S371 accord- 
ing to the equation of: 

ttg = STGo»d+2[Nm] 

It is then determined whether a not the calculated tentative target torque ttg is not greater than -2 at step S372. In case 
that ttg is greater than -2, the tentative target torque ttg is set equal to -2 at stepS373. The processing of steps S372 
and S373 accordingly sets the upper limit (=-2) of the tentative target torque ttg. 

This procedure gradually decreases the magnitude of the torque, which has been applied to reduce the revolving 
speed Neof the output shaft of the engjno 150, within a range that does not exceed -2 [Nm]. The variation in tentative 
target torque ttg according to the above equation decrements the magnitude of the torque, which has acted in the direc- 
tion of decelerating the output shaft of the engine 150,by2[Nm]a1every8n^tha1istheirtervalof the interrupting 
process. The torque thus gradually approaches zero (see Section B of Rg. 27). 

After the processing of either 6tep S372orstepS373.it is determined whether or riot the revolving speed Neof the 
engine 150 is less than 40 rpm at step S374. In case that the revolving speed Neof the engine 150 is less than 40 rpm, 
the program determines no further necessity of applying the braking torque to the output shaft of the engine 150, and 
sets the tentative target torque ttg equal to zero at step S375. 

The program then goes to step S376 to determine whether or not Condition 3 is fulfilled. Condition 3 includes the 
following two conditions: 

(1) The vehicle is at a stop; and 

(2) The learnt value stgkg has been updated (that is. the nag X&tg representing execution of the learning process 
is equal to one). 

In case that either one of these two conoltions is not fuffiDed, the program goes to N^ 
In case that both the conditions are fulfilled, on the other hand, the program proceeds to step S377 to set the tentative 
learned value tstg to a learned value STGkg and to step S378 to reset the flag Xstg to zero. After the processing, the 
program exits from this routine 

The processing to prevent undershoot decreases the magnitude of the torque applied to the oufout shaft of the 
engine 150 toward -2 as shown by Section B of R&. 27. When the revolving speed Ne of the engine 150 becomes less 
than 40 rpm, the braking torque is set equal to zera This procedure effectively prevents the revolving speed Ne of the 
engine 150 from being lower than zero, that is, prevents undershoot 

The primary effects of the second embodiment are given below: 

(1) While there is a requirement of continuous operationdthe engine 150, the PID control is caniedw 
revolving speed Ne of the engine 150 at a target revolving speed. 

(2) when there is no requirement of continuous operation of the engine 150. the EFIECU 170 stops fuel supply to 
the engine 150. After 300 msec has elapsed since the stop of fuel supply, the open4ocp control is carried out to 
cause the first motor MQ1 to apply the torque in reverse of the rotation of the output shaft of the engine 1 50 to the 
carrier shaft 127, which is connected to the crankshaft 156 or the output shaft of the engine 150. The open-loop 
control does not execute the feed back control orf the target torque of ^ 

the revolving speed Ne of the engine 1 50 from the target revolving speed (=0), but determines the target torque 
based on a predetermined algorithm. In the above embodiment, as shown in Fig. 27, the algorithm gradually 
increases the magnitude of the target torque at a predetermined rate. Such control effectively prevents a large 
torque from being abruptly applied in reverse of the rotation of the engine 1 50 at the time of stopping the engine 
150 to cause a toque shock and worsen the drivabilrty. As shown in Fig. 27. after the processing of slower speed 
reduction, the torque of a fixed mapiitude is appfied in reverse of the rotation of the output shaft 
This makes the reaction torque constant and further improves the drivabilrty. 

(3) The first motor MQ1 applies tie torque in reverse of the rotation of the output shaft of the engine 150, so that 
the revolving speed Ne of the output shaft of the engine 1 50 is lowered at a predetermined deceleration (appraxi- 
mately -50 rprn/16 msec in this embociimert). The decelerations^ 

vibrations of the output shaft, and no torsional vtoratons accorclngty occur on the crankshaft 156 and the carrier 
shaft 127 connected to each other via the damper 157. 
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(4) When the revolving speed Ne of the engine ISO becomes lower than a predetermined level (400 rpm in this 
embodiment), in case that the vehicle is at a stop; the learning process is carried out to make the deceleration 
within a predetermined range in a next cycle of the engine stop control. 

(5) When the revolving speed Ne of the engine 150 further decreases to or below the predetermined value Nkn 
(200 rpm through 350 rpm in this embodiment), the magnitude of the torqua appSed by the first motor MG1 is grad- 
ually decreased at a predetermined rate toward zera This process effectively prevents fte revolving speed Ne of 
the output shaft of the engine 150 from being lower than zero, rotation of the crankshaft 
156. The crankshaft 156 is generally designed on the assumption of no revise rotation. The reverse rotation of the 
crankshaft 156 may, for example, cause a lock of the lead angle in the operi-close tinting changing mechanism 153. 
In the structure of this embodiment, the magnitude of the torque applied to the output shaft of the engine 150 is 
decreased with a decrease in revolving speed Ne of the engine 150. When the revolving speed Ne of the engine 
150 becomes lower than 40 rpm, the braking torque is set equal to zero. This structure effectively prevents the 
reverse rotation of the crankshaft 1 56. 

(6) The predetermined value Nkn used as the criterion of the control procedure is set equal to 200 rpm under the 
condfton of the vehicle at a stop, 250 rpm under the contftion of the vehicle on a run with the brake off, and 350 
rpm under the condition of Ihe vehicle on a mn with the brake oa This enables the 

of the engine 1 50 in the direction of reducing the revolving speed to be substantially constant Irrespective of the 
driving state of the vehicle. The revolving speed of the engine 150 subjected to the open-loop controls 
decreased gently to zero. 

The power output apparatuses 1 1 0 and 1 1 0* of the fust and the second embodiments and their modified examples 
discussed above are applied to the FR-type or FF-type two-wheeWrive vehicle. As shown in Rg. 28, however, a power 
output apparatus 1 1 0C given as another modified example is applied to a tour-wheeWnve vehicle fan this structure, the 
second motor MQ2 is separated from the ring gear shaft 126 and independently arranged in the rear-wheel portion of 
the vehicle, so as to drive the rear driving wheete117arid 119. The ring gear shaft 126 k 
to the differential gear 114 via the power feed gear 128 and the power transmission gear 111, in order 
driving wheels 116and 118. Ether one of ft e engine stop control routines shown m^ 
this structure. 

The power output apparatus 1 1 0 of the embodiment and their modified examples discussed abwe are applied to 
the FR-type or FF-type two-wheektrive vehicle In another modified example of Fig. 28, however, a power output appa- 
ratus 11 OC is applied to a four-wheel-drive vehicle In this structure, the second motor MG2 is separated from the ring 
gear shaft 126 and independently arranged in the rear-wheel portion of the vehicle, so as to drive the rear driving 
wheels 117 and 119. The ring gear shaft 126 is, on the other hand, connected to the differential gear 114 via the power 
feed gear 128 and the power transmission gear 111, in oder to c^e the fn>Ttdrivirig wheels 1 16 arxl 11a The engine 
stop control routine of Rg. 7 is also appBcable to this structure 

Permanent magnet (PM)-type synchronous motors are used as the first motor MQ1 and the second motor MG2 in 
the power output apparatus 1 10 of the embodiment Any other motors which can implement both the regenerative oper- 
ation and the power operation, such as variable reluctance (VR)-type synchronous motors, vernier motors, d.c. motors; 
induction motors, superconducting motors, and stepping motors, may, however, be used according to the requirements. 

Transistor inverters are used as the fist and the second driving circuits 191 and 192 in thepower output apparatus 
1 10 of the embodiment Other available examples include K3BT (insulated gate bipolar mode transistor) inverters, thy- 
ristor inverters, voltage PWM (pulse width modulation) inverters, squarewave inverters (voltage inverters and current 
inverters), and resonance inverters. 

The battery 194 in the above embocfiment may include Pb cells, NiMH ceDs, U cells, or ihe ike cells. A capacitor 
may be used in place of the battery 194. 

In the power output apparatus 1 10 of the embocfiment the crankshaft 1 56 of the engine 1 50 is connected to the 
first motor MQ1 via the damper 157 and the planetary gear 120. When the operation of the engine 150 is stopped, the 
variation in revolving speed Ne of the via the plan- 

etary gear 120. Like another power output apparatus 310 shown in Rg. 29 as still another modified example, a crank- 
shaft CS of an engine EG is directly connected to 8 rotating shaft RS of a motor MG via a damper DNP. The variation 
in revolving speed Ne of the engine EG is regulated by the motor MG when the operation of the engine EG is stopped. 
This structure exerts the same effects as those of the power output apparatus 1 1 0 of the above embodiment, bi the 
above embocfiments, the first motor MG1 and the second motor MG2 are arranged to be coaxial with the shaft of power 
transmission. The arrangement of these motors with respect to the shaft of power transmission may, however, be deter- 
mined arbitrarily based on the design requirements. 

The present invention is not restricted to the above embodiment or its modified examples, but there may be many 
modifications, changes, and alterations without departing from the scope or spirit of the main characteristics of the 
present invention. For example, although the power output apparatus is mounted on the vehicle in the above embocfi- 
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merit, it may be mounted on other transportation means like ships and airplanes as weO as a variety of industrial 
machines* 

ft should be dearty understood that the above embodiment is only illustrative and not restrictive in any sense. The 
scope and spirit of the present invention are fimitedorty by the terms of the appended claims. 

Claims 

1. A power output apparatus tor outputting power to a drive shaft said power output apparatus comprising: 

an engine having an output shaft; 

a first motor having a rotating shaft and inputting and outputting power to and from said rotating shaft 
a second motor inputting and outputting power to and from said drive shaft ; 

three shaft-type power input/output means having three shafts respectively linked with said drive shaft said 
output shaft and said rotating shaft said three shaft-type power input/output means inputting and outputting 
power to and from a residual one shaft based on predetermined powers input to and output from any two 
shafts among said three shafts; 

fuel stop instruction means lor giving an instruction to stop fuel supply to said engine when a condition of stop- 
ping operation of said engine is fulfilled; and 

stofhtime control means for causing a torque to be appfied to said output shaft of said engine and thereby 
restricting a deceleration of revolving speed of said output shaft to a predetermined range in response to said 
instruction to 6tcp the fuel supply to 6aid engirw^ 
ation of said engine. 

2. A power output apparatus in accordance with claim 1, said power output apparatus further comprising: 

target torque storage means tor ctaenrtining a time-based variation in target value of the torque applied to said 
output shaft of said engine, based on a behavior at the time oJ stopping the operation of said engine, 
wherein said stop-time control means comprises: 

means for driving said fret motor, as said stop-time control, to apply a torque corresponding to said target 
value to said output shaft of said engine along a tirrocowse after the stop of fuel supply to 
said three shaft-type power input/output means. 

3. A power output apparatus in accordance with claim 2, said power output apparatus further comprising: 

deceleration computing means tor computing the deceleration of revolving speed of said output shaft during 
the course of said step-time control; 

learning means for varying a learnt value aooortfing to the deceleration computed by said deceleration comput- 
ing means and storing said learnt value; and 

deceleration range determination means for determining said predetermined range in said stop-time control 
carried out by said stop-time control means, based on said learnt value stored by said learning means. 

4 A power output apparatus in accordance with claim 1, said power output apparatus further comprising: 

revolving speed detection means tor measuring the revolving speed of said output shaft, 
wherein said stop-time control means further comprises: 

means for driving said first motor, as said stop-time control, in order to enable the revolving speed of said 
output shaft measured by said revolving speed detection means to approach a predetermined value via a 
predetermined pathway. 

& A power output apparatus in accordance with claim 1, said power output apparatus further comprising: 

revolving speed detection means tor measuring the revolving speed of said output shaft 
wherein said stop-time control means further comprises: 

means for driving said first motor, as said stop-time control, to apply a torque in reverse of the rotation of 
said output shaft via said mree shaft-type power i 
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speed of said output shaft measured by said revolving speed detection means becomes coincident with 
said predetermined valua 

6. A power output apparatus in accordance with claim 5, wherein said stop-time control means further comprises 
means for driving said first rnotor, as part of said stop-time control, to apply a predetermined torque in the direction 
of rotation of said output shaft via said three shaft-type power input output means to said output shaft when the 
revolving speed of 8aid output shaft measured by said revolving speed detection means decreases to a reference 
value, which is not greater than said predetermined valua 

7. A power output apparatus in accordance with daim 5, said power output apparatus further comprising: 

deceleration computing means for computing the deceleration of revolving speed of said output shaft during 
the course of said stop-time control; and 

reference value setting means tor setting a larger value to said reference value against a greater absolute value 
or me acceleration. 

& A power output apparatus in accordance with claim 5, said pwer output apparatus further comprising: 

braking force detection means for determining magnitude of a braking force applied to said drive shaft during 
the course of said stop-time control; and 

reference value setting means for setting a larger value to said reference value when said braking force detec- 
tion means determines that the braking force has a targe magnitude 

9. A power output apparatus in accordance with claim 5, wherein said predetermined value is a revolving speed that 
is lower than a resonance range of torsional vforafonstnasysteminduding 

type power irput/output means. 

10. A power oiitput apparatus in accordance with daim 1. said paver output apparatus further comprising: 

second motor control means for driving said second motor to continue power input and output to and from said 
drive shaft, when said instruction to stop the operation of said engine is given in the course of continuous power 
input and output to and from said drive shaft 

11. An engine controller comprising an engine for outputting power through combustion of a fuel and a motor con- 
nected to an output shaft of said engine via a damper, said engine controller controlling operation and stop of said 
engage and comprising: 

fuel stop means for stopping fuel supply to said engine when a condition to stop the operation of said engine 
is fulfilled; and 

stop-time control means for causing a torque to be applied to said output shaft of said engine and thereby 
restricting a deceleration of revolving speed of said output shaft to a predetermined range in response to the 
stop of fuel supply to said engine, so as to implement a stop-time control for stopping the operation of said 
engine. 

12. An engine controller in accordance with claim 1 1 , said engine controller further comprising: 

target torque storage means for determining a time-based variation in target value of the torque applied by said 
motor to said output shaft of said engine, based on a behavior at the time of stopping the operation of said 
engine, 

wherein said stop-time control means comprises: 

means for driving said motor, as said stop-time control, to apply a torque corresponding to said target 
value to said output shaft of said engine along a time course after the stop of foel supply to said engina 

13. An engine controller in accordance with claim 12, said entfnecontroDerfu^ 

deceleration computing means for computing the deceleration of revolving speed of said output shaft during 
the course of said stop-time control; 
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learning means for varying a leamt value acconfing to the deceleration computed by said deceleration comput- 
ing means and storing said learnt value; and 

deceleration range determination means for determining said predetermined range in said stop-time control 
carried out by said stop-lime control means, based on said learnt value stored by said learning means. 

14. An engine controller in accordance with claim 11, said engine controller further comprising: 

revolving speed detection means for measuring the revolving speed of said output shaft 
. wherein said stop-time control means further comprises: 

means for driving said motor, as said stop-time control, in order to enable the revolving speed of said out- 
put shaft measured by said revolving speed detection means to approach a predetermined value via a pre- 
determined pathway. 

15. An engine controller in accordance with daim 1 1 , said engine controller further comprising: 

revolving speed detection means for measuring the revolving speed of said output shaft 
wherein said stop-time control means comprises: 

means for driving said motor, as said stop-time control, to apply a torque in reverse of the rotation of said 
output shaft to said output shaft, untO the revolving speed of said output shaft measured by said revolving 
speed detection means becomes coincident with said predetermined valua 

16. An engine controller in accordance with claim 1 1 , said engine controller further comprising: 

revolving speed detection means for measuring the revolving speed of said output shaft, 

wherein said stop-time control means further comprises means for driving said motor, as part of said 
stop-time control, to apply a rxedetermined torque in the direction of rotation of said output shaft to said output 
shaft, when the revolving speed of said output shaft measured by said revolving speed detection means 
decreases to a reference value, which is not greater than said predetermined valua 

17. An engine controller in accordance with claim 15, said engine controller further comprising: 

deceleration cornputing means for computing the deceleration of revolving speed of said output shaft during 
the course of said stop-time control; and 

reference value setting means for setting a larger value to saW reference value aga^ 
of the deceleration. 

18. An engine controller in accordance with claim 1 5, wherein said predetermined value is a revolving speed that is 
lower than a resonance range of torsional vibrations in a system including said output shaft and a rotor of said 
motor. 

19. A method of controlling a power output apparatus, which comprises: an engine having an output shaft; a first motor 
having a rotating shaft and inputting and outputting power to and from said rotating shaft; a second motor inputting 
and outputting power to and from said drive shaft; and three shaft-type power input/output means having three 
shafts respectively linked with said drive shaft said output shaft ard said rotating 

input/output means inputting and outputting power to and from a residual one shaft, based on predetermined pow- 
ers input to and output from any two shafts among said three shafts, said method comprising the steps of : 

giving an instruction to stop fuel supply to said engine when a condition of stopping operation of said engine is 
fulfilled; and 

causing a torque to be applied to said output shaft of said engine and thereby restricting a deceleration of 
revolving speed of said output shaft to a predetermined range in response to said instruction to stop the fuel 
supply to said engine, so as to implement a stop-time control for stopping the operation of said engine. 

20. A method of controlfing stop of an engine, said engine outputting power through combustion of a fuel and having 
an output shaft connected to a motor via comprising the steps of : 
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stopping fuel supply to said engine when a condition to stop operation of said engine is fuifiDed; and 
causing a torque to be applied to said output shaft of said engine and thereby restricting a deceleration of 
revolving speed of said output shaft to a predetermined range in response to the stop of fuel supply to said 
engine, so as to implement a stop-time control for stopping the operation of said engine. 
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